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Abstract Using the linearized theory of general relativity, the gravitomagnetic analogue ol the Barnett elTect is derived Further theoretical 
and experimental investigations arc recommended, due to the macroscopic values of the equivalent gravitomagnetic field involved in this enecl, 
and lo the constraints which would appear on quantum theories ol gravity, currently under development, in case of non-detection of the predicted
phenomena
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1. linearized theory of general relativity
U\ l i n e a r iz in g  H in s t e in 's  g e n e r a l  r e l a t i v i t y  e q u a t io n s ,  
^ M v iia t io n a l a n a l o g u e s  to  th e  e l e c t r i c  a n d  m a g n e t ic  f i e ld s  a r c  
d iT ivcd , n a m e d  Xhe ^ ravUoelectric a n d  the gravitomagnetic 
R,. f ie ld s  r e s p e c t i v e ly  f l j .  D u e  to  th is  s im i la r i t y  b e tw e e n  
I'tn v iia tio n  a n d  e l e c t r o m a g n e t i s m ,  it is  p o s s ib le  to  c o n v e r t  
one ( k id  in to  th e  o t h e r  b y  a p p l y in g  c e r t a in  c o n v e r s io n  
con stan ts [ 2 ] .  N o w ,  i f  w e  h a v e  a  c e r t a in  m a s s  d is t r ib u t io n  
(ind f lo w , a l l  th a t  is  n e c e s s a r y  is  to  f in d  a  s im i la r  c h a r g e  a n d  
current d i s t r ib u t io n  in  e l e c t r o m a g n e t i c  te x t s .  W e  th e n  u s e  th e  
lo rm iilas  d e r i v e d  f o r  th e  e l e c t r i c  a n d  m a g n e t ic  f i e ld s  a n d  
m ake th e s u b s t i t u t io n s  in th e  e le c t r o m a g n e t ic  f o r m u la s  to  
obtain th e  r e s p e c t i v e  g r a v i t a t io n a l  a n a lo g u e .
O n c e  w e  h a v e  c a lc u la t e d  th e  f i e ld s  g e n e r a t e d  b y  th e  m a s s  
density  a n d  c u r r e n t s ,  w e  c a n  c a lc u la t e  th e  f o r c e s  o n  a  p a r t ic le  
ol m a ss  m b y  a  f o r c e  e q u a t io n  th a t  is  a n a lo g o u s  to  th e  
I o ren tz  f o r c e  e q u a t io n ,
F  - -mS/<p -  +  m v  X ( V  X ,
m E^ - h m v x B ^  ,
r e s p e c t iv e ly  th e  m a s s  a n d  th e  s p e e d  o f  th e  te s t  p a r t ic le .  
F u r th e r , th e  g r a v it o c lc c t r i c  f ie ld  a n d  th e  g r a v it o m a g n e t ic  
f i e ld  a r c  g iv e n  in  th e  u n its  m /s- a n d  ra d /s  r e s p e c t iv e ly .
I f  th e  te s t  b o d y  is s p in n in g  a n d  h a s  a n  a n g u la r  m o m e n tu m  
L ,  th en  th e  to rq u e  o n  it d u e  to  th e  g r a v it o m a g n e t ic  f ie ld  B^ 
w i l l  b e  b y  a n a lo g y  (n o te  th at in th e  c l a s s i c a l  c o n t e x t ,  th e  




\ 'b c re  (fi i.s th e  g r a v i t a t io n a l  s c a l a r  p o t e n t ia l  (rn^/s^), is  th e  
.g r a v ito m a g n e t ic  v e c t o r  p o t e n t i a l  ( m / s ) ,  m a n d  v  a r e
 ^f'lrcsponding Author
It s h o u ld  b e  e m p h a s iz e d  th at th e  p r e v io u s  d i s c u s s io n  is  
a p p r o x im a t e  an d  is  p r e s e n te d  m e r e ly  to  p r o v id e  a  s im p le  to o l 
w ith  w h ic h  to  m a k e  e s t im a t e s  a n d  id e n t i fy  g r a v it a t io n a l  
a n a lo g u e s  o f  w e l l  k n o w n  e le c t r o m a g n e t ic  p h e n o m e n a . B y  
l in e a r iz in g  E in s t e in ’s  e q u a t io n s ,  th e  f o l l o w i n g  a s s u m p t io n s  
h a v e  b e e n  m a d e  :
( i )  a l l  m o t io n s  a r e  m u c h  s lo w e r  th a n  th e  s p e e d  o f  l ig h t  
to  n e g le c t  s p e c ia l  r e la t iv i t y ,
( i i )  th e  k in e t ic  o r  p o te n t ia l  e n e r g y  o f  a l l  b o d ie s  b e in g  
c o n s id e r e d  is  m u c h  s m a l le r  th a n  th e ir  m a s s  e n e r g y  
to  n e g le c t  a d d it io n a l  s p a c e  c u r v a t u r e  e f f e c t s ,
( i i i )  th e  d is t a n c e  b e t w e e n  o b je c t s  is  n o t s o  l a r g e  th a t  w e  
h a v e  to  ta k e  re ta r d a t io n  in to  a c c o u n t .
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W e  w i l l  s h o w  in th e r o l lo w in i ’ , h o w  ih is  a n a lo g y  c a n  b e  
u s e d  to  c a lc u la t e  th e g r a v i l a i i o n a l  a n a lo g u e  o f  th e  m a g n e t ic  
R a r n e t i  c f i c c i ,
2 .  C •r a v ^ (O l^ a ^ l lc t ^ c  B a r n e t t  E f f e c t
In S  J  l i a r n e l l  | " |  o b s e r v e d  th at a  b o d y  o f  a n y
s u b M a n e e  ( i m l ia l i y  u n m a g n c l i / e d )  set in to  r o t a t io n , b e c o m e s  
(he s e a l o l a  u n i fo r m  m ir in s ic  m a g n e t ic  f i e ld  p a r a l l e l  to  th e  
a v i s  o l r o ia l io n ,  a n d  p r o p o r t io n a l  lo  th e  a n g u la r  v e lo c i t y  
l l 't l ie  s u b s ta n c e  is  m a g n e t ic ,  m a g n e t iz a t io n  r e s u lt s ,  o t h e r w is e  
n o l I his p h y s ic a l  p h e n o m e n o n  is r e fe r r e d  lo  a s  mas^nctization 
h\ miation o r  a s  th e  Harnett c/jcct T h e  m a g n e t iz a t io n  
a a | i i i r e d  b y  th e m a te r ia l  d u e  to  i ls  lo l a l io n  is  th e s a m e  a s  
th e o n e  it w o u ld  a c q u i r e  i f  it w o u ld  b e  s u b m itt e d  to  an  
e q u iv a le n t  m a g n e t ic  f i e ld  | 4 ,5 )  H,y„i g iv e n  b y  ■
1 2ni
H . . . ' { J ( 4 )
w h e re  g  is th e  f a n d c  f a c to r ,  a n d  {2  is th e  a n g u la r  v e l o c i t y  
o l  th e lo t a t in g  m a te r ia l
U s in g  th e  i s o m o r p h i s m  b e t w e e n  g r a v i t a t i o n  a n d  
e le c l io m a g n e t i s m  d e r iv e d  a b o v e  f r o m  g e n e r a l  r e la t iv i t y ,  w e  
a r e  n o w  a b le  to  c o m p u t e  th e g r a v i t a t io n a l  a n a lo g u e  o f  th e  
m a g n e t ic  B a r n e t t  e f f e c t  I h c r e f o r e  in e q  ( 4 ) ,  w e  h a v e  to  
s u b s t itu te  H a n d  e b y  a n d  m r e s p e c t i v e ly  a n d  e n d  w ith
(5)
I'A] ( 5 )  t e l l s  u s  t h a t  a n y  s u b s t a n c e  ( i n i t i a l l y  
u n g ia \ i t o m a g n e t i / e d )  se t in lo j 'o t a t io n  ( s e e  I 'ig u r e  1 ) ,  b e c o m e s  
th e s e a l  o( a u n i fo r m  in t r in s ic  g i a v i l o m a g n e l i c  f ie ld  p a r a l le l  
to  th e a v i s  o f  r o t a t io n , a n d  p r o p o r t io n a l  to  th e  a n g u la r  
v e l o c i t y  I f  ( h e  s u b s t a n c e  is  g r a v i l o m a g n c t i c ,  
g r a v i t o m a g n e t i/ a t io n  r e s u l t s ,  o t h e r w is e  n o t f h i s  p h y s ic a l  
p h e n o m e n o n  s h a l l  b e  r e f e r r e d  to  a s  ^ravitoma^ttetnation hr 
rotation or a s  th e  ^ravitoma^nctic Barnett effect.
- U ,
I h e  g r a v i t o m a g n e l ic  m o m e n t  at th e  q u a n t u m  le v e l j. 
d e f in e d  a s  d e f in i t io n ,  th e  L a n d e  factor
g  is  a  p u r e  n u m b e r  (n o  d im e n s io n )  a n d  s h a l l  h a v e  th e sanu' 
v a lu e  fo r  g r a v i t o m a g n e l ic  a n d  m a g n e t ic  p h e n o m e n a .
~ O')
N e v e r t h e le s s ,  fu r t h e r  r e s e a r c h  is n e e d e d  to  f i r m l y  e s ta b lish  
th is  r e s u lt .  T h e  o n ly  e x p e r im e n t s  u s in g  s p in  a l ig n m e n t  h» 
p r e d ic t  g r a v it a t io n a l  in t e r a c t io n s  a r c  d e s c r ib e d  in  p a te n ts  b\ 
\\ W  W a l la c e  [ 6 ,7 ]  H is  m a c r o s c o p ic  o b s e r v a t io n s ,  supporiinL i 
o u r  s im p le  d e r iv a t io n ,  h o w e v e r  h a v e  n e v e r  b e e n  r e p r o d u c c J  
o r  s e r io u s ly  in v e s t ig a t e d  m th e  l i t e r a tu r e  u p  to  n o w
3 .  D is c u s s i o n
In n a lL irc , c v e i y  e l e c t r o i i i a g n e t ic  f i e ld  is  a s s o c ia t e d  w ith  
g r a v i t ic - g r a v i l o m a g n e t i c  f ie ld  d e p e n d in g  o n  th e  c h a r g c - lo  
m a s s  ra t io  f r o m  th e s o u r c e  p .irT ic le  |2 )
/^u '
Hi) I' mr ■ 1- (Si
Hi)
l l o w 'c v c r ,  d u e  lo  th e  p o s s ib i l i l y  o f  h a v i n g  n e u t r a l m a th ; 
o n l y  th e  g r a v i l o m a g n c t i c  f i e ld  c a n  e x i s t  w i t h o u t  an 
a s s o c i a t e d  e l e c t r o m a g n e t i c  f i e l d  M a g i i c t i / a t i o n  ana 
g r a v i i o m a g n e t i / a t i o n  g e n e r a l l y  a p p e a r  t o g e t h e r  [ 2 ]
T / ,  -  -  Me
I f  m a g n e l i/ a t io n  a n d  g r a v i t o m a g n e t i/ a t io n  r e s u l t s  fro m  llic 
a p p l i c a t io n  o f  a m a g n e t ic  f i e ld  to  th e  b o d y ,  th e  re la lio n  
b e tw e e n  th e m a g n e t ic  a n d  g r a v i t o m a g n e l i c  su sc e p lib ilitN
IS
II m a g n e t iz a t io n  a n d  g r a v i t o m a g n e t i/ a t i o n  r e s u l t s  f r o m  llic 
a p p l i c a t io n  o f  a  g r a v i t o m a g n e l i c  f ie ld  lo  th e  b o d y ,  the 
r e l a t i o n  b e t w e e n  th e  m a g n e t i c  a n d  g r a v i i o m a g n c i i t  
s u s c e p t ib i l i t y  is  :
X
L -  H  
Hi) \
(II
( i )  T h e  m a g n e t iz a t io n  a n d  g r a v i t o m a g n e t iz a t io n  o n e  o b ta in  , 
th ro u g h  th e  m a g n e t ic  a n d  g r a v i l o m a g n c t i c  B a r n e t t  e f f e c t  (lo i 
n o n - f e r r o m a g n e t ic  m a t e r ia l s )  a r e  r e s p e c t i v e l y  :








I'igiirc I. A K l^atmg nnn-rcrroniapnclic cylinder \Mlh its associated 
magnetic and graMlomagnclic ciiiiivakiilc fields and Ihcir respective 
magneli/ahon and ‘iraviiom.igneti/alion veclors
(13)
/A),. " '  . «
T h e  m a g n e t iz a t io n  a n d  g r a v i t o m a g n e t iz a t io n  o n e  obtains 
th r o u g h  th e  r o t a t io n  o f  a  ( n o n - f c r r o m a g n e t ic )  b o d y  hv 
a l i g n i n g  m e c h a n i c a l l y  th e  a n g u la r  m o m e n t q m  o f  th e  g y r o s t a t
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(; / D) IS similar to the mau^ncti/alion and the
• ravitomagneti/ation one obtains by applying an external 
puienctic field (which will align the magnetic moments 
,)! the gyrostats, /; // or by applying an external
pravilomagnctic field (which will align the
pjavitomagnelic moments of the gyrostats, /;
.)ii the same body at rest (with no rotation)
(li) 1 cl us suppose the body is at rest and noivrotating 
n * r )
W e  a p p ly  a m a g n e t ic  f i e ld  ~  ^  ^ o n  it W h a t
V.ill h e  th e  m a g n e t iz a t io n  a n d  g r a v it o m a g n c t i / a t io n  r e s u lt in g  
!m in  th is  p r o c e s s ?
M Z   ^ fft f2 ( 1 4 )
//(i
I m e  e q s  (Q) a n d  ( 1 0 ), w e  c a n  c o m p u te  th e  a s s o c ia t e d  
_ 1 a \  11o m a u n e l  1 c  v e c t o r
W 12 ( 15)
//(I V c  }
1 .1111’ etj- ( 7 ), w e  s e e  th at th is  g r a v i t o m a g i i c l i / a t io n  v e c t o r  
i'll h e a s s o c ia t e d  w ith  a g r a v it o n n m n e l ie  H eld  ‘
//<.  ^ V c
( 16 )
\ I i k Ii m u c h  w e a k e i  th a n  B,
( 1 1 1 ) l . c l  us iu)vv c o n s id e r  th e  s a m e  b o d > ' at re st a n d  n o n - 
'o t a l in g  W e  a p p ly  an  e x le r n a l  g r a v i t o m a g n e l ic  H eld  o f  
(n u 'iis ity  / Z , . I  e l  u s  c o m p u t e  th e r e s u lt in g  m a g n c t i/ a l io n  
iiu! i : i a v i i t im a g n e t i / a lm n
S2 ( 1 7 )
/ 6 .,
s in g  c q  ( 1 1 ) .  w e  c a n  w r it e  e q  ( 1 7 )  in th e  lo l lo w in g
lomi
( 18)/i/„
/to  g  V e
N o w  a p p l y in g  th e  in v e r s e  o t e q s  ( 0 ) to  ( 1 8 )  w e  g e t
y  })i
£2 ( 1 9 )
1 N in g  th e  in v e r s e  o i  e q . ( 7 ) ,  w e  c a n  s e c  th at th is  m a g n e t iz a t io n  
\ c c lo r  w i l l  b e  a s s o c ia t e d  w ith  a m a g n e t ic  f ie ld
( 20 )
//()>> ^ rn
w h ic h  is  m u c ji  h ig h e r  th a n  B,,j„,.
C o m p a r in g  th e  m a g n e l i / a l i o n  a n d  g r a v i io m a g n e t i / a t io n  
I’M o c e s s e s  in ( i - i i i ) ,  w^e s e e  th at w o  a l w a y s  e n d  w 'lth  th e  s a m e  
m a i in e l i / a t io n  a n d  e r a v i t o m a g n e l i / a l i o n  v e c t o r s  d e s p it e  th e
f a c t  t h a t  th e  a s s o c i a t e d  c o u p l e  o f  m a g n e t i c  a n d  
g r a v it o m a g n e t ic  f i e ld s  h a v e  not at a l l  th e  s a m e  v a lu e .  
T h e r e f o r e ,  th e  th re e  d i f fe r e n t  p r o c e s s e s  a r e  e q u iv a le n t  fro m  
th e  p o in t  o f  viewv o f  m a g n e t iz a t io n  a n d  g r a v it o m a g n e t iz a t io n  
b u t a r e  n o t at a l l  e q u iv a le n t  fr o m  th e p o in t  o f  v i e w  o f  th e  
in te n s ity  o f  th e m a g n e t ic  a n d  g r a v it o m a g n e t ic  f i e ld s  i n v o lv e d  
in th e th re e  d i f fe r e n t  p r o c e s s e s .
T h e r e fo r e ,  th e  g r a v it o m a g n e t ic  H arn ett c l f c c t  w o u ld  b e  
a  p h y s ic a l  e f f e c t  w h ic h  c o u ld  in v o lv e  la ig e  e q u iv a le n t  
g r a v it o m a g n e t ic  f ie ld s  d e s p it e  th e fa c t  o f  b e in g  a s s o c ia t e d  
w ith  b o d ie s  h a v in g  an  e x t r e m e ly  s m a ll  g r a v it o m a g n c t i / a t io n
4 . C o n c lu s io n
A gyrogravitomagnctic experiment gives no information at 
all concerning the process of gravilomagneti/alion of the 
rotating substance. However, the presence of the Landc 
factor g in eq (5) indicates that the use of an angular velocity 
to generate an equivalent gravitomagnetic field could involve 
a quantum process.
fhe value ol the l.ande factor in the context ol 
gravilomagnetism, the value of the gravitomagnetic 
susceptibility ol different materials, and the possible processes 
of gravitomagnetization |2,8| of different substances shall be 
evaluated In the case ol’ non-dctcction of the predicted 
effect, wc might conclude that the concept of quanlum 
gravitomagnetic moment docs not make sense. I'liis would 
impose impoilanl constraints on the theories oi quantized 
gravity being currently elaborated
1 herefore, lurthcr iheoielical and experimental 
investigations are required to confirm or not the predicted 
L',ravitomagnelic Harnett ellecl. I his invesligation is justified 
amongst other reasons, by the macroscopic value of the 
equivalent giavitomagnctic field involved in the effect.
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